Abstract: Studies were initiated for two consecutive years to find out the effect of time of transplanting and seedlings hill −1 on the productivity of rice in Dera Ismail Khan district of North West Frontier Province (NWFP), Pakistan. The experiment was laid out in a randomized complete block design with split plot arrangements. Main plots consisted of four transplanting dates viz. 20th and 27th of June and 4th and 11th of July while sub-plots contained 1, 2, 3 or 4 seedlings hill . It explains that the use of more seedlings hill −1 not only adds to cost but is also a mere wastage of natural resources. Based on research findings, we conclude that the use of 1 seedling hill −1 is most appropriate for timely sowing otherwise 4 seedlings hill -1 should be used to compensate for the yield gap in late transplanted rice.
INTRODUCTION
Rice (Oryza sativa L.) production constitutes the major economic activity and a key source of employment for the rural population of Pakistan. The average yield of rice in Pakistan has been increased as a result of many research activities by more than 2% per year but still far less than other leading rice growing countries (Ito et al., 1989) . Among the crop production tools, proper time and method of sowing are the prerequisites that allow the crop to complete its life phase timely and successfully under a specific agro-ecology. In rice, the optimum leaf areas for seedlings, optimum leaf shapes to maximize photosynthetic efficiency, deep, well-developed root systems, leaf area index (LAI) at flowering and crop growth rate (CGR) during panicle initiation have been identified as the major determinants of yield (Sun et al., 1999) . A combination of these growth variables explains variations in yield better than any individual growth variable (Ghosh and Singh, 1998) . Similarly, Thakur and Patel (1998) reported that dry matter production, leaf area index, leaf area duration (LAD), crop growth rate, net assimilation rate (NAR) and relative growth rate (RGR) are ultimately reflected in higher grain yield of rice. Lu et al.(1999) obtained higher yield of rice due to higher net assimilation rate and better distribution of leaf area index after heading.
For successful rice production, timely planting, appropriate control of vegetative growth throughout the duration of the crop, suitable transplanting densities for optimum tillering and control of leaf growth by controlling water, fertilizer and chemical inputs are essential for improving the growth variables responsible for high yield (Ghosh and Singh, 1998) .
In Pakistan, rice is transplanted from mid April to end of June depending upon the variety, availability of water, land and labour for rice cultivation in the hot and dry climate of Punjab and Sindh provinces to temperate valley of Swat in NWFP (Khan and Akhter, 2001) . In Dera Ismail Khan district of NWFP, the flow of water in irrigation canals remains below its capacity during peak summer season and most growers (70%) have to irrigate their paddy fields at 4~8 d interval (Baloch et al., 2004) . Therefore, most of the growers start sowing rice nursery from the first fortnight of April. Transplanting is usually completed in the second fortnight of May mainly to avoid the water shortage in hot months of June to July. The April sown rice nurseries mostly escape from the pests' attack thereby reducing the additional cost of inputs in terms of pesticide application. One of the main disadvantages in early transplanted crop is the initiation of sterility (Hassan et al., 2003) induced by high temperature resulting in low quality rice from the milling point of view.
The present studies were therefore aimed at determining the effect of transplanting dates and number of seedlings hill −1 on the productivity of transplanted rice under the high temperature of Dera Ismail Khan.
MATERIALS AND METHODS
The trials were conducted at the Agricultural Research Institute, Dera Ismail Khan, NWFP, Pakistan, during 2002 and 2003. Dera Ismail Khan (31°49′ N to 70°55′ E) Table 2) .
The experimental design was a randomized complete block with split plot arrangements, replicated 4 times. The nursery transplanting dates were maintained in the main plots while the number of seedlings hill −1 were kept in 2 m×5 m sub-plots with plant-to-plant and row-to-row spacing of 20 cm in each plot. One-month-old nursery of well adapted high yielding coarse rice variety IR-6 was transplanted on 20th and 27th June and 4th and 11th of (Steel and Torrie, 1980) .
RESULTS AND DISCUSSION

Number of productive tillers (m −2 )
Among yield components, productive tillers are very important because the final yield is mainly a function of the number of panicles bearing tillers per unit area. The data presented in Table 3 (Tables 1~2) . Ashraf et al.(1999) stated that transplanting of 2 and 3 seedlings hill −1 of 35 d old nursery gave more promising results in terms of more productive tillers per unit area. While, Zhong et al.(2001) found that the productive tiller percentage was significantly and negatively correlated with maximum tiller number per unit area.
Number of spikelets panicle
−1
Data given in Table 4 show that the crop planted on 27th of June gave the highest number of spikelets panicle −1 (171.1) during 2002. Likewise, significantly the maximum spikelets panicle −1 (205.6) were recorded on the same planting date followed by 11th of 
1000-grain weight (g)
Thousand-grain weight, an important yield-determining component, is a genetic character least influenced by environment (Ashraf et al., 1999) . Table 5 data revealed that during 2002 the grain weight was significantly higher (24.6 and 24.5 g) on 20th and 27th of June than the July planted crop. Similarly, the crop planted on 20th June produced heavier grains followed by 27th of June and 11th of July during 2003. Transplanting date 4th of July produced lower grain weight (23.6 and 28.1 g) during both the experimental years. Data on the effect of seedlings hill −1 showed significantly higher grain weight (24.5 g) in plots sown with 4 seedlings hill (506.6) resulted in lower grain weight (23.1 and 27.0 g) with 2 and 3 seedlings hill −1 coinciding with the observation that higher number of tillers reduces the number, size and weight of grains (Lockhart and Wiseman, 1988) . Our findings also accord with those of Wen and Yang (1991) who reported higher 1000-grain weight by using 1 seedling hill −1 than with 4 seedlings hill −1 . Similarly, Singh (1994) noted that the number of grains and grain weight panicle −1 were positively correlated with grain yield. The higher 1000-grain weight during 2003 might be due to supply of sufficient amount of organic matter and/or slow release of nitrogen available at all the kernel development stages.
Paddy yield (t/ha)
Grain yield is a function of interplay of various yield components such as number of productive tillers, spikelets per panicle and 1000-grain weight (Hassan et al., 2003) . Among planting dates, maximum paddy yield (4.5 t/ha) was produced on 20th June and 11th of July while the rest of two transplanting dates (27th of June and 4th of July) produced comparatively lower paddy yield each of 4.1 t/ha during 2002 (Table 6 . Likewise, Srinivasulu et al.(1999) noted that planting 1 seedling hill −1 of rice gave grain yield comparable to that of 2 seedlings hill −1 . Among planting dates, Hassan et al.(2003) also obtained higher paddy yield of IR-6 on 25th of June as compared to 5th and 15th of July in Dera Ismail Khan. Pal et al.(1999) also reported higher paddy yield when transplanted on 15th or 29th of June. The increased productivity of rice might be due to better physical, chemical and biological characteristics of soil on account of previous chickpea crop, increased N utilization efficiency, higher organic matter and/or better ecological conditions during 2003 that caused a parallel increase in the respective yielding components (Tables 1~2) .
Leaf area index (m −2 ) 45 DAT
Leaf area index is the efficiency of photosynthetic process and on the extent of photosynthetic surface (Lockhart and Wiseman, 1988) . Data revealed non-significant differences among various planting dates for two cropping seasons (Table 7) . Plots transplanted on 27th of June and 11th of July showed numerically increased LAI (9.0 and 12.44 m −2 ) during 
Leaf area index (m −2 ) 90 DAT
The complex growth of crops might be simplified by considering two growth components in a plant community, the LAI and NAR. Data shown in Table 8 Hari et al.(1999) noted a higher LAI in June than in July transplanted crop. Wada et al.(2002) stated that a higher crop growth rate after anthesis mainly due to the high mean LAI during the ripening period. In addition, they noted relatively high NAR despite recording high mean LAI during the ripening period.
Net assimilation rate (g/(m 2 ⋅d)) 45 DAT Net assimilation rate is the physiological potential for converting the total dry matter into grain yield. The NAR is used as a measure of the rate of photosynthesis minus respiration losses (Sun et al., 1999) . Table 9 Temperature, light, carbon dioxide, water, leaf age, mineral nutrients, chlorophyll content and genotype influence net assimilation rate (Hari et al., 1999) . Table 10 data revealed non-significant differences among treatment means during 2002. In the second planting season, the crop planted on 27th of June gave significantly higher NAR (31.64 g/(m 2 ⋅d)) compared with 11th of July, which showed a declining manifested the potential of single seedling to contribute as much as or even more towards higher productivity of rice. Lu et al.(2000) observed that decrease in the rate of photosynthesis in leaves cause parallel decrease in NAR and eventually low grain yield. Similarly, Thakur and Patel (1998) stated that NAR is one of the factors responsible for higher paddy yield.
CONCLUSION
In the present research, it is clear that time of transplanting and number of seedlings hill −1 influenced most of the growth parameters, considerably. Among transplanting dates, June 20th planted crop gave higher paddy yield with 1 seedling hill −1 . It indicated that single seedling not only consumed more nutrients than 2, 3 and 4 seedlings but also had the benefit of low vegetative biomass in the initial growth stages. Therefore, transplanting date 20th June with 1 seedling hill −1 is recommended for successful rice production under the agroclimatic conditions of the area.
